on the fraction of output variation that can be explained by inputs, finding that time-varying rates have little impact. Finally, we find some evidence for external effects of higher education and physical capital.
Past cross-country studies indicate that variation in total factor productivity (TFP) accounts for a large fraction of the cross-sectional variation in output, whether levels or growth rates are analyzed, e.g. Klenow and Rodriguez-Clare (1997) and Hall and Jones (1999) . In searching for explanations of the large TFP variation across countries, researchers often appeal to institutional heterogeneity, e.g. Acemoglu, Johnson, and Robinson (2001) .
1 Using a newly created data on real output per worker, real physical capital per worker and human capital per worker at the state level for the United
States from 1840 to 2000, Turner, Tamura, and Mulholland (2007) , henceforth TTM, analyzes the growth rates of aggregate inputs and TFP. While noting institutions are not entirely homogeneous across states, TTM suggests institutional differences across states are likely to be smaller than across countries. Therefore, state input variation may explain a larger fraction of output variation across states when compared to the cross-country studies. Surprisingly, TTM finds that the vast majority of the cross-sectional variation in output growth rates are explained by TFP differences, even across states.
In this work, we extend this analysis in four main dimensions. First, we examine the variation in the levels of (log) output per worker across states. Just as with the analysis of growth rates, the allocation of the correlation between aggregate input and TFP is a central issue. We follow the methodology of Baier, Dwyer, and Tamura (2006) and TTM to construct plausible upper and lower bounds on the fraction of variation in output per worker that can be explained by variation in TFP and variation in inputs. While the variance decomposition results are somewhat sensitive to the assumed rate of return to schooling, we find that TFP can explain as much as 90% of output variation, while inputs can explain only as much as 50% of output variation.
Second, we consider the effect of time-varying rates of return on schooling. TTM chose parameters for the rate of return on schooling to match those used in the cross-country growth literature.
Particularly in the last sixty years examined, the diminishing rates of return used in TTM may understate the return to higher education, and thus potentially understate the ability of variation in inputs to explain variation in output. In this work, we allow for time-varying rates of return on schooling. 2 While there is evidence of time-varying rates of return, they have only a small impact 1 For a greater discussion on the difficulties associated with addressing institutional heterogeneity in cross-country analyses see Temple (1999) . 2 We thank Isaac Ehrlich for suggesting this avenue of research.
on the upper and lower bounds of income variation that can be explained by TFP or inputs.
Third, while institutions are likely to be relatively homogeneous across states, one major institutional difference that existed in the United States was the discrimnatory provision of public schooling for blacks, particularly in slave states. We follow the methodology of Turner, Tamura, Mulholland and Baier (2007) , henceforth TTMB, and create years of schooling at the state level, by race, for 1840 -2000. We subsequently incorporate these measures into development accounting exercises.
We examine if inputs can account for a larger fraction of income variation. We begin by requiring the rate of return to schooling be the same for blacks and whites, but subsequently allow returns to vary across races. We find that incorporating these measures directly as inputs has some impact on the upper and lower bounds of income variation that can be explained by TFP or inputs.
However, the assumptions required to directly incorporate these measures into accounting exercises, motivated by data availability, are less than ideal. As a result, we further examine the importance of black-white schooling differences by constructing a measure of the gap between years of schooling of white and blacks. We find the size of this schooling gap is negatively related to TFP levels from 1840 to 1950.
Finally, following Lucas (1988) , Romer (1986 Romer ( , 1990 and Tamura (2002 Tamura ( , 2006 , we search for external effects of physical capital and higher education. We find support for external effects of physical capital throughout the time period examined. We find some evidence for external effects arising from higher education exposed workers for both whites and blacks, but it depends on the time period. For the first period, 1840-1950, there is evidence that black workers exposed to higher education contribute positively to a states TFP, whereas in the latter period, 1950-2000 the white workers exposed to higher education contribute positively to state TFP.
Section 2 briefly describes the physical capital per worker, human capital per worker, and output per worker measures created in TTMB and TTM. In Section 3, we conduct development accounting exercises. Section 4 examines time-varying rates of return on education. In Section 5, we introduce the years of schooling measures by race, and examine how incorporating schooling measures that vary by race impacts the results of the development accounting. Section 6 examines the effect of the schooling gap between whites and blacks and provides evidence of external effects of physical and human capital. The final section concludes and outlines plans for future work.
DATA DESCRIPTION
Before we present the development accounting results, we summarize the measures of output per worker, years of schooling, and human capital created in TTMB and the measures of capital per worker created in TTM, paying special attention to how the cross-sectional variation in inputs and output evolves across time. One thing that will be apparent from examining the output series is that the greatest inequality arises in 1850, and that inequality declines for the remaining century and a half. A similar pattern emerges for human capital and physical capital. While the ratio between the output level of the state with the highest value of output and the state with the lowest is not close to the 50 to 1 ratio observed in cross country data, it is still meaningful. In 1840, with 28 states, the average worker in the most productive state is 3.4 times more productive than a worker in the least productive state. As new states enter the dataset, a few have extremely high mining output, but most entering with low output levels. Thus the ratio ranges from just below 6 to 1 to more than 19 to 1 over the latter half of the 19th century, before declining throughout the 20th century and settling at just under 2 to 1 in 2000.
Output per Worker
3 For a detailed explanation of the calculation of state real output per worker see TTMB. In particular, Appendix B contains an explanation how output from various sectors and sources were aggregated. 4 The data from 1840-1920 are at the decadal frequency and are computed from sectoral output. They are output per worker measures. The data from 1929-2000 are annual frequency and come from the BEA as income per worker.
The gaps between the income levels across census regions are smaller and more stable. In 1840 with 28 states and 7 regions, the typical worker in the most productive region was about 2.5 times more productive than a worker in the least productive region. While there is a dramatic increase in the ratio to 13 to 1 in 1850 fueled by the large output level observed in California, the ratio falls to just over 3 to 1 in 1900. By 1950 the ratio has stabilized to around 1.5 to 1, and by 1980 had fallen to about 1.25 to 1, where it has remained. As noted above, the high level of output per worker in the Mountain and Pacific regions early on is quite clear in Figures 3 and 4 . Assuming that a common capital-output ratio holds for each sector in a given year across states is equivalent to assuming that factor returns are equalized across states within sectors. It does not imply that factor returns are equalized across sectors within a state, because we are allowing capital output ratios to vary across sectors, but hold work from Gallman (1986) that includes capital-output ratios and sectoral shares, using the state level output data from TTMB and again assuming a constant capital-output ratio to allocate capital to each state. The coefficient of variation peaks in 1850 and falls essentially throughout the remaining 150 years.
Physical Capital per Worker
Figures 6 -8 display the regional averages. In 1840 the census region with the most capital had roughly 2.5 times more physical capital per worker than the region with the least. In 1850, the ratio peaks at 10 to 1 before falling to just under 2.5 to 1 by 1900. The ratio continues to fall to 1.56 to 1 in 1950, 1.43 to 1 in 1980, and just 1.25 to 1 in 2000. The variation across regions of capital per worker is quite similar to the variation of income per worker.
Human Capital per Worker
While details are available in TTMB, the years of schooling measures were calculated using a perpetual inventory method based on enrollment rate data collected from variety of census reports, in school (AGE it ), TTM uses the standard labor economics transformation to construct a measure of potential experience (EX it ) in the labor market:
They then create a human capital index for each state from years of schooling and potential labor market experience:
where h 0 is the level of human capital with no schooling or experience, φ P , φ I , and φ S are parameters on years of primary, intermediate, and secondary and higher education, and γ 1 and γ 2 are parameters on experience and experience squared. 10 They follow Hall and Jones (1999) and assign φ P = 0.134, φ I = 0.101, and φ S = 0.068 and use estimates for the return to experience and experience squared from Klenow and Rodriguez-Clare (1997) , assigning γ 1 = 0.0495 and γ 2 = 0.0007.
The results of these computations are displayed in 
Land per Worker
Finally we present evidence on the reduction of arable land per worker in the United States in Figure 13 . 11 For brevity we do not display the land per worker measures by region.
Growth Rates
Our focus in this paper is on levels; nonetheless, given that these data spans 160 years, we find it useful to summarize the data by providing information on the growth rates of output and inputs. Despite the fact that physical capital and human capital in the South grow more rapidly than for the country, the share of growth in per worker output accounted for by TFP growth (46%) is similar to the North (50%).
1 2 TTM assume that land's share of income is constant across time and equal to 0.05. Later in this work, we relax this assumption. 1 3 A list of states contained in each census region and each broader region is available in Appendix A. 1 4 It is quite likely we are not capturing the capital value of the ore not mined in the early years of the data. With finer measures of the gold in California and silver in Nevada, one could imagine constructing the capitalized value of the ore in the mines. With this input captured, the rate of growth of TFP would be larger for these regions as the capital value of the ore would be slowly depleted with extraction. 1 5 The rising labor force particpation rate of the population accounts for the remaining 0.2% per year difference between the growth rate of output per worker reported here and the familiar 1.8% growth rate of output per capita.
DEVELOPMENT ACCOUNTING
In this section we analyze the determinants of cross-sectional output differences. A key feature in this type of analysis is the allocation of the covariance term between TFP and inputs. One method employed is to assign half the covariance term to each of inputs and TFP, and compare this augmented variance term with the variance of output. An alternative method is to rely on competing economic theories as a means to allocate the observed correlation in the data. The neoclassical growth model of Solow (1956 Solow ( , 1957 and the endogenous growth model of Romer (1990) suggest that technological progress, whether exogenous or endogenous, is the driving engine of growth. In a levels analysis it suggests that high TFP induces high levels of factors, and thus factor accumulation is driven by TFP growth. According to these models, the correlated portion of input growth should be assigned to TFP. In Romer (1986) , Lucas (1988) and Tamura (2002 Tamura ( , 2006 , however, factor accumulation induces TFP growth. Or in the levels, high levels of factors imply high levels of TFP. Hence these models suggest that the correlated portion of TFP should be assigned to inputs. We use a technique first used by Baier, Dwyer and Tamura (2006) and later applied in TTM. 16 We alternately assign the entire correlated variance term to each potential source, and in doing so, create a plausible upper and lower bounds for each of inputs and TFP.
Before beginning the accounting exercises, the variance of log output per worker across the states over time is presented in Figure 14 . We assume that output is produced using a Cobb-Douglas technology combining human capital (H), land (L), and physical capital (K) to produce output (Y ). Letting lowercase letters represent per-worker variables, we begin with:
where A it is the level of TFP in state i and period t. We follow TTM and assume α = 0.667. We allow γ to vary from 0.136 in 1840 to 0.025 in 2000 to capture the decreasing importance of land 1 6 Both of these works decompose the variation in the growth rates of output per worker. However, the techniques utilized can be easily applied to conduct a variance decomposition of level of (log) output per worker.
in production across time. 17 We then combine all the factor inputs into a single term, x. Thus, output can be represented by:
Taking logs produces:
We now ask what proportion of the log variance is explained or captured by variation in the two terms on the right hand side of the equation. By the definition of variance, we have:
where σ ln x,ln A is the covariance between ln x it and ln A it . Dividing by σ 2 ln y , using the definition of covariance, and rearranging terms results in:
where ρ ln x,ln a is the correlation between ln x it and ln A it . If TFP and aggregate inputs are uncorrelated, the first term is the fraction of variance of log income explained by log input variance, while the second term is fraction of the variance of log income explained by variance of log TFP.
However, this correlation is not zero empirically, and theoretically it should not be.
The first alternative in dealing with the covariance term, consistent with Romer (1990 ) and Solow (1956 , 1957 assumes the correlation between log inputs and log TFP reflects unmeasured effects of TFP. Assuming a positive correlation, this assumption creates an upper bound on the fraction of the variance of log output that can be explained by variance of log TFP, and therefore creates a lower bound on the fraction of the variance that can be explained by variation in log inputs.
We assume a linear time trend in γ from 1840 to 2000. We arrived at our 1840 value by the following reasoning:
80 percent of workers are in agriculture and mining in 1840, and 78 percent of value added comes from agriculture in 1840, this latter figure comes from Table 1 of "Trends in the Structure of the American Economy Since 1840,"
by Robert E. Gallman and Edward S. Howle in The Reinterpretation of American Economic History eds. Robert
Fogel and Stanley Engerman.; we assumed that all other output does not utilize arable land, and that land's share in production in agriculture is .17, which comes from Herrendorf and Valentinyi (2007) . Hence .136 = .17*.8. Actually the .17 figure comes from their slides, their paper actually reports .18. For the 2000 figure we used the share of land to be .025, which is close to the .03 value that Herrendorf and Valentinyi use for the overall US economy. TTM did not utilize a time varying factor share of income, as doing so would have made the process of decomposing the variation in output growth rates as a function of input growth rates and TFP growth rates much more cumbersome.
The second alternative, consistent with Lucas (1988) , Romer (1986 ), and Tamura (2002 , 2006 assumes the correlation between log inputs and log TFP reflects unmeasured effects of log inputs.
Assuming a positive correlation, this assumption creates an upper bound on the fraction of the variance of log output that can be explained by variance of log inputs, and thus creates a lower bound on the fraction of the variance of log output that can be explained by variation in log TFP.
Using the data from 1840 to 2000, we can compute these relative upper bounds for both log TFP variation. Yet, TTM also reports the high importance of TFP when performing a growth rate analysis. The upper bound of the fraction of output variance that can be explained by inputs decreases steadily after 1940, while the fraction that can be explained by TFP increases Of course this later time frame is a period of small variance in log output per worker.
TIME VARYING RATES OF RETURN
TTM selects the parameters on years of schooling for ease of comparison with the cross-country literature. However, these international parameters on the returns to schooling may not be appropriate for a cross-state comparison. There are two potential criticisms of these parameters. First, it is plausible that diminishing returns to schooling are not as rapid as assumed. In the specification reported above, all years of schooling above eight years return only 6.8 percent per year. Accordingly, a high school graduate would earn only 31 percent more than an eighth grade graduate, and similarly, a four year college graduate would earn only 31 percent more than a high school graduate.
A back of the envelope check of median household income levels by head of household education is the return is roughly constant per year, as posited by Card and Krueger (1992) .
The second criticism is whether it is appropriate to assume that these returns are constant over the entire time period. There have been times of compression, as noted by Goldin and Margo (1992) and Freeman (1976) and times of divergence, as shown in Murphy and Welch (1992) . We suspect that the returns to higher education may be more variable than the returns to lower levels of education, and thus this criticism to be more pertinent to higher education. Thus, when average schooling is below 4 years, this issue is irrelevant, and when average schooling is below 8 years, it may be relatively harmless. But when average schooling in the US exceeds 8 years, as is the case after 1940, it is likely that the variability across time may play a significant role.
To investigate the effect of assuming diminishing returns to schooling, we reconstruct human capital assuming a constant 13.4 percent return per year of schooling. percentage points to 52 percent, while the average upper bound of the share explained by variance of log TFP falls slightly to 87 percent. A comparison of the average of the upper bounds that can be explained by each source, and for various subperiods, is available in Table 9 for this and all other specifications outlined below.
Perhaps a portion of the TFP importance arises from time varying returns to schooling and not 1 9 We use data from 
where E it is years of schooling, EX it is average experience and Z is a vector of year dummies.
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The results of the regression with a linear time trend to returns are contained in the first column of Table 6 below. Figure 19 presents the rate of return on schooling implied by the regression results. We note that the returns to schooling in 2000 still sizably exceed the 9.7 percent average rate of return implied by the original TTM parameters. 24 As the cubic specification is sensitive to the initial return on years of schooling in the first period, we imposed a constraint on the initial 1840 return to schooling of 0.2, but allowed the linear, quadratic and cubic time interactions to freely vary. 25 We kept the return to experience constant over time as the ability to identify higher order time interactions on experience proved difficult. The second column of Table 6 and Figure 19 contain the results of this estimation and the implied time path of the rate of return to schooling.
2 1 We generously thank Isaac Ehrlich for suggesting time-varying rates of return to schooling and experience. 2 2 Our initial consideration was to simply use the parameters that would result from cross-sectional regressions of output on years of schooling and experience in each year. We rejected this procedure because it results in a stock of human capital that was unreasonably volatile. A small change in the estimated rate of return on schooling between two adjacent years could (and did) result in very large changes in the stock of human capital between those two years. To generate reasonable evolutions of the time path of the stock of human capital, while still exploiting the time variation in the rate of retun, we must in some fashion smooth the rate of return estimates across years. The methodology we outline above is a procedure that does just that. 2 3 TTMB found that it was only possible to identify the linear term on experience, as the quadratic term on experience was not identified. Here, we chose to weight by gross state product in order to place more weight on larger and more modern economies than smaller and more agrarian economies. 2 4 In 2000, the average number of years of schooling for the United States is 13.5. In TTM, the first 4 years of schooling were given a 13.4% rate of return, the next 4 years of schooling were given a 10.1% rate of return, and all remaing years (in this case 5.5) were given a 6.8% rate of return. This implies the average rate of return observed in 2000 would be 9.7%. 2 5 The 0.20 value was obtained by running a regression of log output on years of schooling and experience in the 1840 cross-section.
suggesting that TTM parameters are understating the return to schooling.
We recompute the share of log output per worker variance that is plausibly explained by variation in log TFP and variation in log inputs and present the results for both the linear time trend rate of return to schooling as well as the cubic time interaction with schooling. We present the results in graphical format in Figures 20 -21 , as well as those of the baseline case. There is no difference in the results between the assumption of linear trend in schooling returns and the assumption of a cubic time interaction with schooling. Interestingly, allowing for a time-varying rate of returns (either linear or cubic) changes the results in nearly the same fashion as introducing a constant rate of return. Further, as is reported below in Table 9 , the results from the constant rate of return, linear time-varying rate of return, and cubic time-varying rate of return are nearly identical across all subperiods. The evidence implies that the original diminishing returns to schooling is not consistent with these state data. Both the linear and the cubic time specifications increase the upper bound share of the variance of log output per worker plausibly explained by variation in factors.
DO BLACK WHITE SCHOOLING DIFFERENCES EXPLAIN THE VARIATION?
Although time varying returns to schooling increases the upper bound on the importance of variation in inputs, the importance of variation in TFP is only slightly reduced. In international comparisons the importance of variance of TFP or the variance of TFP growth for explaining variance in output or variance in output per worker growth is quite well established.
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After establishing the importance of TFP, most economists comment on the importance of institutional differences.
Differences in property right enforcement, the ability of governments to expropriate capital or income, variation in inflation, variation in productive geography or market geography are all examined as possible explanations for differences in cross country productivity, e.g. Robinson (2001,2002) , Baier, Dwyer and Tamura (2007) , Sachs (2001) and Temple (1999) . The unique feature of US state data is that most of the plausible institutional differences are limited by a common Constitution, language, and the like. All states trade in the common currency (once private circulating money disappeared), share a common international trade policy, interstate trade policy, and federal fiscal policy. 27 One clear institutional difference across states was the existence of slavery in the southern states of the US prior to 1865. Furthermore, post-Reconstruction availability of public education for the typical southern black youth was greatly curtailed relative to his or her white counterpart.
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This difference in the distribution of education among black and whites within a state may play a role in state TFP differences. Thus while the schooling in each state may be consistent with the average schooling of whites and blacks reported in TTMB, the possible importance of within state variation in years of schooling are allocated to TFP in TTMB.
Even if there are schooling differences by race, these differences are unlikely to have an impact on state income levels unless a significant portion of that state's population is black. We present the fraction of state population that is black in ten of the former Confederate states in Table B1 in Appendix B. We note that from 1840 to 1920, blacks were the majority population in several states. Table B2 in Appendix B reports the fraction of black population in the nation as a whole and the fraction of black population that is living in the South.
Using census data on enrollments by race, we provide the first estimates of black and white schooling differences by state from 1840 to 2000 to determine what role the variation in years of schooling within a state has on state income levels. 29 , 30 We follow the methodology of TTMB, with only slight modifications. 31 ,32 Data on the racial composition of enrollment rates, labor force, educational attainment, and population are acquired from decennial census records available through
IPUMS.
We report the results of the years of schooling calculations in Table 7 . Not surprisingly, there are meaningful differences between blacks and whites. These differences are not only large in the south but in the northern US states as well. Amongst the black population, the New England census region has the highest average years of schooling for nearly the entire period, yet New England blacks still trail New England whites by 1.25 years in 2000. Figures 22 -25 display black and white years of schooling graphically for each of the census regions. We find there is quite a bit of similarity 2 8 For more on this see Canaday (2003) , Canaday and Tamura (2007) and Margo (1990) . 2 9 Prior to the end of slavery it was illegal in slave states to educate a slave. After the end of Reconstruction, around 1876, a system of disenfranchisement of blacks occurred throughout the South, see Canaday (2003) . 3 0 Where possible, we divide the population into those black and those that are non-black. We refer to the non-black popluation as white. 3 1 Those familiar with the methodology in TTMB may recall that in adjusting for migration, we must assign a value of the years of schooling for the foreign born. We are unable to determine the racial makeup of the foreign born. We therefore assume that the foreign born population is comprised only of whites. This assumption requires that the share of the population that is foreign born is set to zero when using the algorithm to correct for black migration. 3 2 As the racial composition of the enrollment rates and other demographic variables is based on a sample, we occasionally get noisy values for black years of schooling in states with very small black populations. In these cases, we set the years of schooling for the black population equal to the value for the white population.
within the groupings of census regions as displayed. For example, the years of schooling of whites in each census region in the South are similar, as are the years of schooling of blacks in each census region in the South. The largest gap between black and white schooling for the nation as a whole is 3.5 years and occurs in 1900 and 1910.
To determine how incorporating black and white years of schooling into the production function again requires us to assume whether human capital accumulates at a diminishing rate or a constant rate. We will construct both. First we assume that black and white workers accumulate human capital in the fashion first assumed in TTM, that is declining returns to years of schooling. Further, we assume that workers produce together in a Cobb-Douglas function in which labor is perfectly substitutable measured in efficiency units. We then construct human capital for each race. 33 We assume that the production technology is given by:
where s it is the share of the population that is black and h bit and h wit are the human capital levels of black and white workers, respectively, in state i and period t. 34 Because of the convexity in human capital in years of schooling, it is possible that a society that specializes investment in one group versus another group and hence has unequal years of schooling attainment across these groups, may actually have higher levels of human capital than a society without specialized schooling investments.
We reexamine the results of the log levels variance decomposition, recalculating the upper and lower bounds of log output per worker variance that can be explained by inputs and TFP. Directly incorporating black-white schooling differences has no effect at all on explaining the variation in log output per worker.
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While this attempt to directly incorporate black white schooling measures into accounting results and hence output measures is less than satisfactory, it may be the case that this gap is meaningfully in other ways in which we can not measure with overall state income alone, such as within state income variation or state sectoral composition.
3 3 We have computed data on the average age of the population by race. Thus, human capital differences between black and whites will come about not only from differences in years of schooling, but also from differences in average experience. 3 4 The assumptions made above are forced by the lack of data availability on income by race. 3 5 We do not include the graphical display of the upper and lower bounds for brevity. They are indistinguishable from the baseline case.
Time Varying Returns to Schooling, by Race
Relaxing our assumption of identical diminishing returns to schooling for whites and blacks, we now allow for distinct time varying returns to schooling for blacks and white, respectively. In order to estimate these returns separately we assume that state human capital is the harmonic mean of black and white human capital in the state. For ease of notation we define time = year − 1840, thus we assume:
ln h wit = β w E wit + γ 1w timeE wit + γ 2w time 2 E wit +γ 3w time 3 E wit + δEX wit (13)
Thus our estimating equation is given by:
where Z is again a vector of dummy variables controlling for the Civil War and the years 1930 -1945, inclusive. We imposed an initial constraint on 1840 returns to schooling of .20 for white schooling and .04 for black schooling. 36 Column 1 of Table 8 presents our estimates from the linear specification, and column two presents the results from the cubic specification. Figure 26 displays the implied rates of return on schooling for both the linear and cubic specifications and for whites and blacks.
We conduct the development accounting,displaying the upper and lower bounds of output variance It seems that allowing non diminishing rates of returns, or time varying rates of return on schooling by race, as specified above, increases the ability of inputs to explain output variance significantly, particularly so from 1980 -2000. We also note that separate black and white returns to schooling can explain more of the variation in output than the parameterization that allowed for a constant rate of return of 13.4% for both black and whites. Directly exploiting information on schooling by race does result in an increased ability to explain output variation. The overwhelming conclusion of all of the exercises above, however, just as was found by TTM in the growth decompositions, is that the TFP is still capable of explaining the lion's share of output variation, even after experimenting with different rates of returns across time and across races EXTERNAL EFFECTS AND SCHOOLING DIFFERENCES BY RACE,
REVISITED
Our attempts to exploit variation in schooling by race in the previous section are severely limited by data availability. Even if the unrealistic assumption is made that production were entirely segregated, to fully examine the issue at hand would require data on production and capital by race, which is not available. Having found that the variance of log TFP is still quite important in explaining the variation in log output per worker, we now turn to one final line of inquiry. First, following Lucas (1988) , Romer (1986 Romer ( , 1990 and Tamura (2002 Tamura ( , 2006 we consider the possibility that there are external effects of human and physical capital. If present, we should observe a positive relationship between log TFP and the levels of human capital and log physical capital. As we expect the external effects to be more likely generated by higher education, we focus our attention on the contribution to human capital made by those exposed to higher education. Second, we consider whether black-white schooling gaps are correlated directly with TFP.
Let gap it represent the white-black schooling gap in state i and year t:
where E wit , E bit , and E it , are years of schooling for whites, years of schooling for blacks, and (overall) years of schooling, respectively. We then define h college bit and h college wit as the contributions to state i's human capital in period t made by higher education exposed persons of each race. This contribution is defined (for blacks) using the share of the black labor force exposed to higher education, f college bit , the expected years of schooling for those blacks exposed to higher education, yrs college bit , the time varying rate of return to schooling for blacks, r bit , and the share of the work force that is black, s it . The contribution to human capital made by white higher education exposed workers is defined analogously. Table 10 presents the results of regressions of log TFP on log of physical capital, the white-black schooling gap, and the contribution of higher education exposed black workers and higher education exposed white workers to human capital. We present the regression results based on two different TFP variables, the first arising from the original TTM parameters, which we label A T T M . The upper and lower bounds of output variance that can be explained by A T T M are displayed in Figure   15 and reported in row 1 of Table 9 . The second utilizes TFP calculated from the specification that allowed the rate of return to vary across race and time with cubic time interactions.
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We label this second version of TFP A BW _3 , and note the upper and lower bounds of output variance that 3 7 It was not obvious which version of TFP to utilize in searching for external effects. As noted above, we ultimately decided to report results for two version of TFP. We chose these specification because they were the specifications that had the highest average upper bound of output variation that could be explained by TFP (A T T M ) and the specification that had the highest average upper bound of output variation that could be explained by inputs (A BW _ 3 ).
We expect we will be more likely to find evidence of external effects on higher education using A T T M , as the rate of return is understated. On the other hand, with A BW _ 3 , we expect that time-varying rate of return has more ability to pick up the importance of higher education, particularly, in the latter portion of the sample, and thus we expect this to reduce the likelihood of observing external effects of higher education with this version of TFP. We had no priors on which for which version of TFP external effects would be more likely. Our priors were that a significant negative relationship on the black-white schooling gap would be less likely using A BW _ 3 .
can be explained by A BW _3 are displayed in Figure 27 and reported in row 7 of Table 9 . Because there are quite a few states that have very few blacks, particularly early on, we weight by the share of the labor force that is black. 38 In each regression we have dummy variables for each region and each year to pick up regional differences and business cycles, we exclude the District of Columbia, and cluster errors by census regions.
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Over the entire time period, we find that the black -white schooling gap is significant and negatively related to TFP produced by the original TTM parameters. When we further examine subperiods, we find the relationship is again negative and significant for the 1840-1950 subperiod, states where the black population is small and the sample noisy, we assigned blacks the same years of schooling as their white counterparts in the state. In those cases, the black-white schooling gap has a value of zero. However, because the regressions reported in this section are weighted by black labor force, these observations will receive very little weight in the regression. While it is beyond the scope of this paper, we intend to conduct further explorations about the approriate functional form to measure the schooling gap in future work.
overall years of schooling the state was 1.1.. The gap for Mississippi was 5.74. Had all residents in Mississippi been educated equally, and possessed 1.1 years of schooling, TFP in Mississippi would have been 10 percent higher, using the A BW _3 specification. The average value of ln A BW _3 was 5.76, whereas Mississippi had a value for ln A BW _3 of 5.56. Thus half of the TFP gap is explained by the gap in schooling between whites and blacks.
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In 1910, whites in Alabama possessed an average of 5.4 years of schooling, while blacks held only 1.9. Blacks comprised almost exactly 50% of the population, resulting in an average of 3.65 years of schooling. This unequal treatment produces a gap for Alabama of 3.40. Again using the A BW _3 specification, implies that Alabama's TFP was 5.9 percent lower than if the population of equally educated whites and blacks held 3.65 years of schooling. The average value of ln A BW _3 was 5.79, but Alabama's ln A BW _3 was 5.33. Hence gap explains 13 percent of the TFP gap.
42 Table 10 also provides evidence that there is correlation between factor inputs, physical capital and human capital and TFP. The evidence is consistent with both induced factor accumulation arising from exogenous technical progress as well as induced technological progress from factor accumulation. This is most strong for physical capital, where all superiods show a positive and significant relationship between physical capital and TFP. It appears from Table 10 that the magnitudes decline as subperiods become more recent. In finer subperiods examined but not reported, we do indeed find the coefficient on physical capital declines uniformly as the time period becomes more recent, with the little connection between log TFP and log physical capital per worker in the most recent periods.
The evidence for external effects of human capital, particularly higher education is mixed across subperiods. We are not surprised that the results for the 1840 -1950 subperiods are variable.
For instance, even in 1940, while the average years of schooling in the US weighted by the black 4 1 However in terms of output, this calculation does not follow for the cubic separate black and white returns to schooling. For under the assumption of different returns, in 1870 the typical black rate of return per year of schooling is only 1.2 percent, whereas for whites the rate of return per year of schooling is 15.2 percent. Hence shifting years of schooling away from whites towards blacks would yield a reduction in the human capital component in Mississippi from 1.684 to 1.551. Even assuming that human capital's share of production is .667, this implies a reduction in inputs of 5.3 percent which almost halves the gain in TFP, for an overall increase in Mississippi output per worker of 4.7 percent. 4 2 Again, since the return to black years of schooling is only 5.6 percent in 1910 and 12.9 percent to white years of schooling, this equalization reduces the human capital input from 2.174 to 2.042. With human capital receiving .667 weight, this reduces the inputs by 4.1 percent, and hence combined with higher TFP increases Alabama output by 9 percent.
population share is 7.4 years, the contribution made by higher education is only 0.5 years, and the contemporaneous higher education enrollment rate is less than 7 percent. It is not until after WWII that higher education enrollment rates increase dramatically. We therefore put little emphasis in our discussion in these pre -1950 results. We do find evidence of external effects to higher education to whites in the 1950 -2000 period using both version of TFP. With A T T M , we see a positive and significant at the 5 percent level coefficient on white higher educational contribution, and a positive, though not statistically significant coefficient on black higher educational contribution.
In the A BW _3 regression, the coefficient on white higher educational contributions is positive and significant at the 10% significance level, while the black contribution has a negative sign and is insignificant. As alluded to earlier, we are not surprised to see less evidence of external effects using the cubic time trend, as the time trend can capture more variation in output that is correlated to higher education.
CONCLUSION
Motivated by Lucas (1988) , we use a new data set with information on real output per worker, real physical capital per worker and human capital per worker for the states of the United States from 1840 to 2000 to examine cross sectional variation in output per worker. This paper examines the importance of variation in log per worker inputs and variation of log TFP for explaining crosssectional variation log per worker output. Despite the greater commonalities of states of the US compared with cross country differences, we find that the plausible upper bound on the share of log output per worker variation explained by log TFP variation exceeds the plausible upper bound on the share of log input per worker. As was found in the growth rates analysis by TTM, inputs can explain much less of cross-sectional output variation than can TFP.
We explore the most obvious institutional difference across states, the extent to which blacks were denied access to formal education in southern states. To do so, we produce new estimates of years of schooling for both white and black workers. We find that the addition of this more detailed information provides only minor improvements in the ability of log input variability to explaining log output per worker variability. Although the schooling measures has little impact directly as an input, we show that schooling differences clearly show up in the accumulation of factors as well as directly in TFP measures from 1840 -1950. While there is evidence of time-varying rates of return, and evidence that rates of return to schooling may be understated in the United States if the human capital parameters of Klenow & Rodriguez-Clare (1997) are used, the main result on the importance of TFP is robust to assumptions on the rate of return of schooling, both across time and across races.
Finally we find that there is evidence consistent with the existence of external effects of physical capital, and human capital on productivity. For physical capital it is possible that the higher productive new ideas are embodied in larger capital stocks and this produces the positive correlation observed in these data. Similarly there is evidence that the share of the work force exposed to higher education is correlated with higher productivity. We are left still searching for an answer to Prescott (1998) . Why TFP variations across states explain so much of the variation in output per worker across states. In future work we plan to investigate the different output per worker measures by sector by state. Given the manner in which real output per worker and real physical capital per worker are calculated, we have the underlying real output and physical capital by sectors for each state. We seek to determine how much of the aggregate TFP differences arise from differences in TFP at the sectoral level and how much arise from the differences in the composition of output across sectors. Finally we plan on using the more detailed schooling by race to see if the reason for these differences are related to black -white schooling differences. 
